Summary: Regional CBF (rCBF) and regional cerebral blood volume (rCBV) were evaluated by N,N,N' -tri methyl-N' -(2)-hydroxy-3-methyl-5-[l23I]iodobenzyl-1 ,3-propanediamine-2 HCl-and 99mTC-Iabeled red blood cells, respectively, and single-photon emission computer ized tomography (SPECT) in a patient with focal cerebral ischemia. Sequential transmission computerized tomog raphy (TCT) and SPECT functional data were compared with clinical findings to monitor the pathophysiological events occurring in stroke. A lack of correlation between rCBF -rCBV distributions and blood -brain barrier
The phenomenon of lUxury perfusion (Lassen, 1966 ) is a widely studied one, and it may be consid ered a common but transient phenomenon most frequently found in the acute phase of stroke. How ever, little is known about its eventual correlation with cerebral blood volume (CBV); in particular, if the increase in flow is accompanied, or not, by an increase in blood volume.
The present case report concerns sequential studies, using single-photon emission computerized tomography (SPECT), of regional CBF (rCBF) and regional CBV (rCBV), compared with transmission computerized tomography (TCT) and clinical data, in a patient with acute focal cerebral ischemia.
(BBB) breakdown was found in the acute phase. In the face of more prolonged alteration of BBB, as seen by TCT enhancement, a rapid evolution of transient phe nomena such as luxury perfusion was shown by SPECT studies. Follow-up of the patient demonstrated a correla tion between the neurological recovery and a parallel rel ative improvement of the cerebral perfusion. Key Words: Cerebral ischemia-Regional cerebral blood flow-Re gional cerebral blood volume-Single-photon emission computerized tomography.
METHODS rCBF study
rCBF assessment was performed using the N,N,N' -tri methyl-N' -(2)-hydroxy-3-methyl-5-[123I]iodobenzyl-l ,3-propanediamine-2 HCI ([123I]HIPDM) and SPECT tech nique briefly summarized here. Following intravenous in jection of 5-7 mCi of [l23J]HIPDM, -4 million total counts as recorded with a commerC'ial rotating gamma camera (400 AC; General Electric, Milwaukee, WI, U.S.A.) over a 45-min rotation time. All SPECT data were subsequently reconstructed and corrected for atten uation, obtaining a complete set of tomographic slices. To mograms represent [123I]HIPDM intracerebral distribu tion, which reflects rCBF distribution within the brain structures (Fazio et aI., 1984; Lucignani et aI., 1985) .
rCBV study
The rCBV study was performed using red blood cells labeled with 99mTc and the SPECT technique with a ro tating gamma-camera, according to the method described by Kuhl et al. (1975) .
TCT study
TCT studies were performed by transmission comput erized tomograph To shiba 80A (rotate -rotate).
CASE REPORT
A 38-year-old woman presented with sudden onset of severe right hemiparesis with global aphasia. A cardiologic evaluation detected myocar dial inferolateral ischemia.
Thirty-six hours from the onset of neurological symptoms, a TCT and a rCBF study were per formed. TCT showed a large area of hypodensity in the left middle cerebral artery (MCA) territory ( showed clearly decreased activity over the right cerebellar hemisphere, representing the perfusion correlate of the crossed cerebellar diaschisis (Baron et aI., 1980; Lenzi et aI., 1982) (Fig. 2 right) . Te n days after stroke, the patient showed a par tial recovery of the neurological symptoms. TCT with contrast medium injection showed a clear-cut enhancement in the area of the lesion. The rCBF study showed a 30% increase in activity over the left cerebral hemisphere, while cerebellar asym metry was unmodified. The rCBV study showed a 26% increase in activity over the left cerebral hemi sphere (Fig. 3) . Four-vessel angiography performed at this time was normal.
Thirty days after stroke the patient presented with good recovery of neurological symptoms, complaining of a mild right hemiparesis and motor aphasia. The rCBF study showed a 16% reduction of activity over the left cerebral hemisphere and the persistence of cerebellar asymmetry. The rCBV study revealed at this time symmetric distribution of activity over both cerebral hemispheres, while on TCT control with contrast medium injection a persistent enhancement in the area of the ischemic lesion was found (Fig. 4) .
DISCUSSION
Because of its noninvasive nature, repeatability, and accessibility of the instrumentation requested, SPECT allows a new approach to sequential moni toring of pathophysiological changes occurring after focal cerebral ischemia by functional param eters such as rCBF and rCBY.
In this patient, the early [123l]HIPDM SPECT study evidenced an area of reduced activity on the affected cerebral hemisphere larger than the hypo dense lesion showed by TCT, thus providing a dif ferent assessment of the extension of the ischemic injury. Furthermore, it was possible to detect long lasting functional effects remote from the site of le sion, that is, the crossed cerebellar diaschisis, oth erwise not detectable by TCT.
The tenth-day follow-up rCBF study showed the presence of a focal increase of activity in the area of the lesion, related to a well-known functional phenomenon, the lUXury perfusion syndrome, asso ciated with the persistence of crossed cerebellar diaschisis. On the other hand, the contrast en hancement in the area of lesion revealed by TCT could not distinguish between a localized dilatation of the arteriolar bed and blood-brain barrier (BBB) alteration. Nevertheless, a subsequent rCBV study evidenced a clear-cut increase of activity in the same area, owing to a localized dilatation of the ar teriolar bed.
In this patient, clinical, TCT, and SPECT data point toward a left MCA impairment. The absence of alterations at the angiographic study, performed at the tenth day, is suggestive for a previous em bolic (cardiac origin, probably) occlusion of the left MCA, with the later characteristic of spontaneous disappearance of the occlusion (Olsen et aI., 1985) .
At I-month follow-up, we found a good correla tion between the recovery of the neurological clin ical status of the patient and the parallel relative im provement of the degree of the cerebral perfusion impairment over the affected area, with respect to the first rCBF study.
In comparison with the second study, luxury per fusion disappeared while the crossed cerebellar diaschisis persisted unmodified. At this time, disap pearance of luxury perfusion agrees with rCBV findings of no asymmetries of activity between ce rebral hemispheres; but, a TCT performed at the same time still evidenced the persistence of en hancement in the area of the lesion.
This lack of correlation between TCT and SPECT data underlines the importance of a com parative analysis of these two techniques to better evaluate pathophysiological hemodynamic changes in focal cerebral ischemia. In fact, in this case the persistence of the enhancement on TCT follow-up cannot be related to the lUXury perfusion syn drome. SPECT data on rCBF and rCBV, indicating the disappearance of this functional phenomenon, suggest a BBB breakdown as the cause of the per sisting enhancement on TCT.
It has to be emphasized that while [123I]HIPDM distribution in normal cerebral tissue may, at least qualitatively, reflect rCBF, it is still uncertain if this tracer model is suitable in pathological conditions, particularly when the BBB is broken.
Nevertheless, in this patient the increase of [1231]HIPDM uptake at 10 days is indeed evidence of "luxury perfusion, " as 30 days after the isch emic event a reduced uptake over the same area with the BBB still leaky was observed.
Recent measurements of both circulatory and metabolic parameters in acute stroke have enlarged the concept of lUXury perfusion as originally sug gested by Lassen (1966) to include "relative luxury perfusion," which is a decrease in oxygen or glu cose uptake larger than the decrease in rCBF (Frackowiack et aI., 1980) . It follows that therapeutic measures aimed to in crease rCBF (i.e., hypertension or hypercarbia) in cases of impaired autoregulation would be of 
